Background: As the predominant occupation in the health sector and as the health worker with the most patient interaction, nurses are at high risk for occupational transmission of communicable respiratory illness. The use of facial protective equipment (FPE) is an important strategy to prevent occupational transmission. Methods: A 2-phased study was conducted to examine nurse's adherence to recommended use of FPE. Phase 1 was a cross-sectional survey of nurses in selected units of 6 acute care hospitals in Toronto, Canada. Phase 2 was a direct observational study of critical care nurses. Results: Of the 1,074 nurses who completed surveys (82% response rate), 44% reported adherence to recommended use of FPE. Multivariable analysis revealed 6 predictors of adherence: unit type, frequency of equipment use, equipment availability, training, organizational support, and communication. Following the survey, 100 observations in 14 intensive care units were conducted that revealed a 44% competence rate with proper use of N95 respirators and knowledge as a significant predictor of competence. Conclusion: Whereas increasing knowledge should enhance competence, strategies to improve adherence to recommended use of FPE in a busy and complex health care setting should focus on ready availability of equipment, training and fit testing, organizational support for worker health and safety, and good communication practices.
With the recent decade of health threats from respiratory infections (severe acute respiratory syndrome [SARS] , avian influenza, bioterrorism events, H1N1), there is heightened concern about occupational transmission of communicable respiratory illnesses in health care. Important primary prevention efforts include vaccination, hand hygiene, and use of personal protective equipment. Protection efforts are hindered by a lack of data on modes of transmission of respiratory pathogens such as influenza, on effectiveness of protection provided by different types of equipment, and on how to ensure adherence to safe work practices. 1 Adherence to personal protective equipment generally has been identified as a long-standing problem in the health sector, and most proposed solutions have either had minimal impact or been unsustainable. Adherence to personal protective equipment (such as gloves) to prevent the spread of bloodborne disease is an area that has been well studied. 2 Adherence to facial protective equipment (FPE) (respirators, surgical masks, eye/face protection) to prevent the spread of communicable respiratory illness has only recently become the focus of research. Studies have shown that adherence to FPE was the most problematic of all types of personal protective equipment in health care. [3] [4] [5] Recent survey-based studies of adherence used contextual models that examined the environment within which the person operates. 6 A revised version of the PRECEDE (Predisposing, Reinforcing and Enabling Constructs in Educational Diagnosis and Evaluation) model, 7 Moore et al's theoretical framework 8 was used in a pilot study to examine nurse's adherence to recommended use of FPE and categorized factors influencing adherence as individual, environmental, and organizational. Results from the pilot study suggested that environmental and organizational factors were the most significant predictors of nurse's adherence. 9 We report the results of a larger and more comprehensive study of nurse's adherence to recommended use of FPE to identify determinants of adherence that can be used to implement interventions to improve adherence, reduce illness, and enhance the work and health of nurses.
METHODS
This study used a 2-phased approach. Phase 1 was a crosssectional survey of nurses who were regularly required to use FPE at work. Phase 2 was a direct observational study of nurses using FPE in the intensive care unit (ICU) setting. Funding for the study was granted by the Research Advisory Council of the Workplace Safety and Insurance Board of Ontario.
Six acute care hospitals in the Greater Toronto Area participated. Ethics approval was obtained from the administering hospital and all participating hospitals. The chief nursing executive at each hospital identified units where FPE was regularly worn by nursing staff including ICUs, emergency departments, and in-patient medical units that regularly received patients with respiratory symptoms. The researcher conducted 4 visits to each unit, each 2 to 4 hours in length, to recruit participants. Consent for phase 1 of the study was implied when participants agreed to complete the questionnaire. In all units except the ICUs, the survey was anonymous.
During phase 1 of the study, written consent was obtained from ICU nurses for participation in phase 2. One to 3 months after phase 1, a trained research assistant attempted to covertly observe participating nurses on 2 separate visits to evaluate adherence to FPE. If an opportunity for observation did not occur after 2 attempts, the observer identified themselves and requested a demonstration of donning and doffing FPE for a patient requiring airborne precautions. These demonstrations allowed an evaluation of competence (the demonstrated ability to apply knowledge and skills) but not an evaluation of adherence (the degree to which an individual follows a set of guidelines in real life).
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Measures
Survey tool
For this study, 3 measures were added to our previous survey tool, 9 resulting in an 8 page, 84-item questionnaire (available on request).
Participant observation record and guide A 2-page observation record was developed for phase 2, based on observation tools to measure adherence to hand hygiene [12] [13] [14] [15] and government and manufacturer guidelines. [16] [17] [18] Each participating organization reviewed and approved the tool. The research assistant used an observation guide to ensure consistency.
Definitions
In phase 1, adherence was defined as present when the participant answered always or mostly to at least 7 of the 8 items within the adherence scale. In phase 2, adherence (or competence for demonstrations) was defined as present when the participant carried out at least 5 of 6 critical steps when using FPE for a patient on respiratory precautions.
Statistical analysis
Data entry was carried out in Microsoft Access and Excel (Microsoft Corp, Redmond, WA), and data were analyzed using Statistical Analysis Software (SAS Institute, Cary, NC) version 9.1.3. 19 Initially, the data were cleaned and edited, and summary descriptive statistics were computed on all variables. Reliability of scales was assessed using Cronbach coefficient a. Exploratory factor analysis was performed using the principal components analysis with an oblique rotation (promax). 20, 21 The c 2 test for categorical data and the Wilcoxon rank-sum test for non-normally distributed continuous variables were used in bivariate analysis. Variables of theoretical importance and those with a P value < .1 were selected for inclusion in multivariable logistic regression models to determine those factors with independent predictive value. 22 The backward elimination logistic procedure was used to analyze the effect of specific interactions. Interactions between the following organizational level variables were examined: training and organizational support, training and absence of job hindrances, organizational support and absence of job hindrances, training and communication, organizational support and communication and absence of job hindrances and communication. These were identified as potential interactions of interest because of their inherent relationships in the workplace.
RESULTS
Phase 1: Cross-sectional survey
Demographics
Of the 1,313 surveys distributed, 1,074 were completed for a response rate of 82%. This represented 51% of the 2,127 nurses employed on the 46 units at the time of the study. Most respondents were female registered nurses working full-time (Table 1) .
Adherence
Forty-four percent of survey respondents met the case definition of adherence. Twenty-five percent answered "always" or "mostly" to all 8 items.
Multivariable analysis
Eighteen variables with a bivariate P value < .10 were selected for inclusion in the stepwise logistic regression model in an effort to take number of predictors, previous literature, and correlations among predictors into account. Six predictors of adherence were revealed (Table 2) .
Further analysis examining interactions between organizational level variables revealed the same predictors of adherence with similar odds ratios as the model described above, but the effect of training and fit testing depended on an absence of job hindrances (P ¼ .025). 
Phase 2: Participant observations
Demographics Forty-two percent (140) of ICU nurses completing the survey consented to participate in the observational component: 112 observations were completed (80%). There were no statistically significant differences in the demographic characteristics between the survey population (n ¼ 1,074) and the observational study population (n ¼ 112) except those that would be expected (hospital type, unit type, and nurse type), and no differences between nurses who participated and those who did not (Table 3) .
Competence
Of the 112 observations, only a small percentage were true observations; a result of the relative rarity of nurses being assigned to care for patients on precautions requiring facial protection. Thus, competence (but not adherence) in airborne precautions was evaluated. In 44% of evaluable episodes, nurses demonstrated competence when using a disposable N95 respirator (Table 4) .
Multivariable analysis
Three variables with a bivariate P value <.20 and 1 variable of theoretical importance (fit tested within the last 2 years) were selected for inclusion in multivariable analysis; only knowledge of recommended use of FPE was retained in the final model (Table 5) .
DISCUSSION
Demographics
According to the 2007 Canadian Nurses Association RN Workforce Profiles by Area of Responsibility, this cross-sectional survey sample of 1,074 nurses was generally representative of the population of nurses working in Canadian acute care hospitals regarding age and gender, although the study population had a higher proportion of nurses working full-time and educated at a baccalaureate level. 23 Adherence to recommended use of FPE Consistent with previous reports, fewer than half of nurses met the criteria for adherence to recommended use of FPE. 3, 4, [24] [25] [26] [27] [28] [29] [30] [31] This long-standing problem of substandard adherence to safe work practices in health care highlights not only the need for improvement but also the need for novel approaches. In this study, adherence was defined as answering "always" or "mostly" to 7 of 8 items identified by federal and provincial government sources as critical to the protection of workers. Although this definition may seem stringent, nonadherence to any one item could result in disease transmission so that the selfreported adherence rate of 44% may actually be an overestimate.
Competence with recommended use of N95 respirators
Fewer than half of observed nurses demonstrated competence when using an N95 respirator. This is true despite the Toronto SARS experience and the resulting attention to worker protection against communicable respiratory illness. In the literature, observational studies of adherence with safe work practices were limited because of a myriad of organizational and environmental barriers, and no studies were found that examined competence in place of adherence. To mitigate barriers, most studies used only partial measures of adherence, [24] [25] [26] 32 and findings were likely overestimates of true observed adherence. Even though barriers to evaluating observed adherence were anticipated and experienced in our study, comprehensive definitions of outcome variables were used to provide more accurate findings.
Determinants of adherence
As in previous studies, most demographic factors were not associated with adherence to infection control procedures. 6 However, unit type was a significant predictor of adherence, with emergency room nurses 60% less likely to report adherence than critical care nurses. This is consistent with several studies that found adherence to safe work behaviors was better among ICUs than in other types of units 33, 34 and a report that found rates of adherence to be lowest in emergency departments. 35 The reasons for this have not been elucidated but may lie in the work environment. Emergency room nurses may report higher nonadherence because of the fast-paced, busy work environment where clinical practice is focused on making rapid diagnoses, managing crises, and dealing with unanticipated events.
Individual factors
Similar to demographic factors, individual factors have not been found to be consistently associated with adherence to infection control practices. 6, [36] [37] [38] In this study, the only individual factor significantly associated with adherence was routine (daily, weekly, or monthly) use of FPE. Although this relationship may have some inherent contributory bias, it may have implications for policy and practice. If organizations could designate a relatively limited number of staff to care for patients with communicable respiratory illness, this might result in better staff adherence to FPE. Other benefits of such cohorting could include the following: concentrating resources in 1 area, making it possible to designate certain equipment for use with patients and thereby reduce the risk of possible fomite transmission; facilitation of concentrated infection control activities; and the physical separation of patients from others in the hospital. 39 However, limiting the number of experienced workers could also be a problem if the regular cohort of workers were to be depleted through absences because of illness or redeployment. In addition, less experienced workers caring for patients mistakenly thought to be low risk might also result in an overall increase in transmission risk.
Environmental factors
This study was consistent with the literature supporting a relationship between availability of equipment and adherence to FPE. 2, 40 The measure of "ready" availability used in this study was supported by the literature examining compliance with universal precautions 37, 41 and was defined as equipment being available at point-of-use, meaning less than 3 m away from the room entrance. 13 From a policy and practice perspective, it is important for organizational leaders to develop a system to ensure ready availability of individual-specific equipment on all patient care units.
Organizational factors
Organizational factors were identified in the literature as the most important determinant of adherence to safe work behaviors to prevent the transmission of bloodborne disease 2, [36] [37] [38] 42 and communicable respiratory illness. 8, 43 In this study, 3 organizational level variables showed a significant relationship with adherence: training and fit testing, organizational support, and good communication. These findings highlight the importance of implementing measures that support an organizational climate of safety in health care.
Training and fit testing
Whereas only half of the survey population reported being trained and fit tested within the last 2 years, those who were trained and fit tested were 1.66 times more likely to report adherence with recommended use of FPE. Similar results were reported in the literature. 2, 6, 40, 42 Regular cycles of education, refresher training, verification of knowledge transfer, and further research into identifying the formative training and continuing education strategies that are most effective are critical. That the effect of training and fit testing on adherence was dependent on an absence of job hindrances such as a heavy workload or a lack of time highlights the importance of processes, such as coverage on the unit, to facilitate attendance at training and fit testing sessions.
Organizational support
Nurses who perceived their organization supported the health and safety of employees were almost 2 times more likely to report adherence to recommended use of FPE. This finding is also consistent with previous research on universal precautions 2, 38, 44 and adherence with general infection control practices to prevent the spread of communicable respiratory illness. 8 This relationship
highlights how important it is that nurses think their health and safety is valued by their employer. At the policy level, interventions targeted at developing and implementing policies and procedures and establishing steps to follow in proper use of FPE should be carried out. At the unit level, front-line managers should involve workers in issues related to FPE and enforce adherence with legislation and workplace policy.
Communication
Nurses who perceived good communication regarding health and safety within their organization were 2.13 times more likely to report adherence to recommended use of FPE. Again, this finding was consistent with the literature. 45, 46 The communication scale used in the survey also included elements of feedback on performance, which has been previously reported to predict adherence. 2, 36, 47 Each of the 3 organizational predictors of adherence (training and fit testing, organizational support, and good communication), along with the environmental level predictor "ready availability of FPE," are important components of an organization's safety climate, itself an important predictor of worker adherence to safe work behaviors in health care. 2, 6, 9, 44, 48, 49 
Determinants of competence
Results of the observational study showed nurses who were knowledgeable in the recommended use of FPE were 2.9 times more likely to demonstrate competent use of an N95 respirator. Because competence was measured outside of the work environment, it makes sense that it would be influenced by an individual level factor such as knowledge. Measuring competence through worker demonstration eliminates the interaction between the worker and the work environment that is so critical when measuring adherence. Of interest, the organizational variable "absence of job hindrances," although of borderline statistical significance, is quite a strong predictor of competence, with an odds ratio of 2.3.
In the nursing literature, much attention has been given to the measurement of competence versus performance or adherence. Although manual skills have been identified as the foundation of nursing performance and continue to be the focus of evaluation in the academic environment, many disagree with this competencebased model of training and evaluation for the same reasons that we chose to use a framework for evaluating adherence that explored organizational characteristics and the work environment.
Limitations
Results of this study may not be generalizable to all professions, geographic locations, or type of health care facility. The utilization of a cross-sectional study design precluded the determination of causality. Self-selection bias may have been a limitation because participation in the study was voluntary. Self-selection bias was likely minimized by the high participation rate. Subject recall and social desirability bias may have been a problem given the reliance on self-report data but would have been mitigated through survey anonymity. Survey results were based on subjective data. Reliability testing for 3 of the explanatory measures fell below the acceptable range (<.70). Similar results were reported in the pilot study and are likely due to variables inherently representing multiple content domains (types of illness, modes of transmission, and types of equipment). Because of a low number of patients on respiratory precautions, adherence could not be evaluated in the observational study. Multivariable analysis of the predictors of competence found knowledge to be a significant predictor, but a wide confidence interval suggested that a larger sample size was needed.
Areas of future research
This study has generated several important areas of future research in the areas of improving adherence to infection control practices, understanding the relationship between competence and adherence, and evaluating observational study methodologies in the acute health care setting. The most important determinants of adherence to recommended use of FPE were found to be the organizational characteristics of the workplace. As a follow-up to this study, intervention studies testing different strategies targeting these organizational dimensions are needed. Competence with recommended use of an N95 respirator for a patient on airborne precautions was examined in phase 2 of this study, and knowledge was found to be the primary determinant of competence. No relationship between self-reported adherence and observed competence was found in this study, but one could hypothesize that, whereas competence does not always lead to effective performance or adherence, it could be seen as one of its many determinants. Further research examining the relationship between competence and adherence would be valuable. This area of research is particularly important because studies of observed adherence to recommended use of FPE are logistically difficult in the acute health care sector. Finally, the examination of different methodologies for investigating adherence to FPE could be part of future research studies. Using the current methodology, we were unable to measure observed adherence but were able to measure competence. The future areas of research generated by this study provide exciting opportunities for researchers to advance the current body of knowledge on adherence to important infection control practices. It also provides opportunities to merge fields of study that have traditionally not been linked.
CONCLUSION
This study highlights the historical problem of substandard adherence to safe work practices in health care and the need for a novel approach to this complex issue. Findings demonstrated that, despite the SARS experience and the resulting investment in worker protection, nurse's adherence to recommended use of FPE and competence with recommended use of an N95 respirator remains suboptimal. Whereas knowledge was found to predict competence, organizational factors and other safety climate dimensions were the primary determinants of adherence to recommended use of FPE. Interventions targeting these determinants should support the reduction of occupational transmission of communicable respiratory illness, better protect health care workers, and strengthen the workforce that is so critical to the success of our Canadian public health system.
